AlP | e ™

Negative magnetoresistance of y- Fe 2 O 3 observed in y- Fe 2 O 3 /Ag granular
nanocomposites
Jinke Tang, Li Feng, and Joan A. Wiemann

Citation: Applied Physics Letters 74, 2522 (1999); doi: 10.1063/1.123899

View online: http://dx.doi.org/10.1063/1.123899

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/74/17?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Turn on of new electronic paths in Fe-SiO2 granular thin film
Appl. Phys. Lett. 105, 143112 (2014); 10.1063/1.4898094

Size dependent magnetic and dielectric properties of nano CoFe204 prepared by a salt assisted gel-combustion
method
J. Appl. Phys. 113, 194101 (2013); 10.1063/1.4804946

Tailoring Fe/Ag superparamagnetic composites by multilayer deposition
Appl. Phys. Lett. 87, 102501 (2005); 10.1063/1.2035886

Interface controlled electrical and magnetic properties in Fe — Fe 3 O 4 —silica gel nanocomposites
J. Appl. Phys. 91, 4573 (2002); 10.1063/1.1454197

Magnetoresistance of a (y- Fe 2 O 3 ) 80 Ag 20 nanocomposite prepared in reverse micelles
J. Appl. Phys. 87, 7001 (2000); 10.1063/1.372911

Asylum Research Cypher” AFMs
There's no other AFM like Cypher

www.AsylumResearch.com/NoOtherAFMLikelt

-
-
-
-
-
-
-
-
-
-

The Business of Science®



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/468592521/x01/AIP-PT/Asylum_APLArticleDL_111214/AIP-JAD-Cypher1.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=Jinke+Tang&option1=author
http://scitation.aip.org/search?value1=Li+Feng&option1=author
http://scitation.aip.org/search?value1=Joan+A.+Wiemann&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.123899
http://scitation.aip.org/content/aip/journal/apl/74/17?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/105/14/10.1063/1.4898094?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/113/19/10.1063/1.4804946?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/113/19/10.1063/1.4804946?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/87/10/10.1063/1.2035886?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/7/10.1063/1.1454197?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/87/9/10.1063/1.372911?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 74, NUMBER 17 26 APRIL 1999

Negative magnetoresistance of y-Fe,O; observed in y-Fe,03/Ag
granular nanocomposites
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The magnetoresistance ofy{F&,03),Ad100-x (X=50-90, a granular system where insulating
magnetic nanoparticles and nonmagnetic metal are intimately mixed, has been studied at room
temperature. For high silver concentratiox<70), samples are metallic and exhibit ordinary
positive magnetoresistance. Below the percolation threshold, which is 11.4 vol % of(givet),
samples are insulators. Our data suggest that direct tunneling between silver grainy d€esSs

barriers dominates at low temperature and variable range hopping becomes the main transport
mechanism at high temperature. The variable range hopping wjtHi®,0O; is believed to be
associated with the presence of Fémpurities which is determined by Msbauer spectroscopy.
Negative magnetoresistance upt@% is found in y-F&03),A0100-x (X=72) in an applied field

of 10 kOe at room temperature. It is proposed that the observed negative magnetoresistance is due
to the field-dependent hopping rate of electrons frorfi" Re Fe* which is enhanced due to the
alignment of their moments by an applied magnetic field. 1899 American Institute of Physics.
[S0003-695(199)03217-9

Large magnetoresistance has been observed in metatance is found at room temperatuiR®T) which we attribute
insulator—metal trilayers, where two magnetic layers ardo the increased electron hopping rate betweefi" Fend
spaced by a thin insulator filf® The results support the Fe*™ due to the alignment of iron moments by an applied
claim that large magnetoresistance is due to the spin polamagnetic field.
ized tunneling of electrons between two magnetic metals Samples were prepared by mechanical milling. Commer-
through a thin AJO; insulator. These findings have attracted cial y-Fe,0O; and Ag powders with various molar ratios,
much attention because of the interesting problem of “spin( y-Fe,03),Ag10-x Wherex=50-90, were sealed in a hard-
tunneling” involved in such systems and because of the poened steel grinding vial. Grinding was conducted in a high
tential applications of the tunneling devices. The essentiagénergy Spex-8000 mill/mixer under slurtin watep condi-
features of the observed tunneling magnetoresistance can tiens. In order to prevent the formation afFe,Os, the mill/

explained with the models by Julli€rand SlonczewsRial-  mixer was placed in a freezer which has temperature near
though further studies of tunneling phenomena in heteroged °C. Powders were heated to 100 °C for several h to drive
neous systems are still needed. the water out after 17—19 h of grinding/mixing. X-ray dif-

On the other hand, the magnetoresistance of halffraction patterns of the products are those of the mixture of
metallic magnetite F©, has recently been report@drhe Ag and y-Fe,0;. The average crystallite size of-Fe,0;
negative magnetoresistance is associated with intergranulastimated from the x-ray peak broadening is about 20 nm.
transport of spin-polarized electrons. The negative magnemossbauer spectroscopy shows that about 3.7% of iron in
toresistance has also been attributed to the magnetic fiekl-Fe,0; is in F&* state as indicated by the presenceBof
effects on the hopping conductanic®lt is of interest to  sexte® Since our tests show that original commercial
know the magnetoresistance of maghemijeFe,0;, an-  y-Fe,0; contains essentially no Feg the Fé™ may be the
other common form of iron oxide. Like §®,, y-F&0sis  direct result of prolonged ball milling. It is also possible that
ferrimagnetic. However due to the lack of% ¢ which pro-  y-Fe,0; reacts with the iron from the ball mill and forms
vides the hopping mechanism for the conductance y0fe  slightly reducedy-Fe,O;. Similar chemical process is found
y-F&,0; is an insulator. Accurate magnetoresistance data of the preparation of FeO from F@; and a steel milt®
v-F&,0; are thus not available. Granular films of ¢-F&03),Ad1g0_x Of selected composi-

We report here the study on the magnetoresistance afons were also prepared by pulsed laser depositiRirD).
(7-F&03)4Ag100-x (X=50-90, a granular system where in- Similar magnetotransport properties were observed in both
sulating magnetic nanoparticles and nonmagnetic metal ane PLD samples and those prepared by mechanical milling.
intimately mixed. When the metal concentration is below itsOur discussion will concentrate on the samples made by the
percolation threshold, electron transport is dominated by tuntatter technique.
neling and variable range hopping, which involvesFen- Figure 1 shows the room temperature magnetic hyster-
purities in the y-F&0;. A sizable negative magnetoresis- esis loop of one of the sampleg-Fe,03)7,A0,5, 0N Which
most of experiments presented in this letter were conducted.
Author to whom correspondence should be addressed; electronic mailtS coercivity of 80 Oe is smaller than the typical values of
jtang@uno.edu commercialy-Fe,03 particles, which is due to the particle
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FIG. 1. RT hysteresis l0op ofyF&,05)75A0,5 between—2000 and 2000 FIG. 3. Resistance as a function of temperature pfFHg,03);5A0,5. The

Oe. Inset shows the magnetization as a function of applied field from 0.2 td"Set is the resistance shown in aRrvs (1) plot together with the fi,
5T, R=R, exdA/T]*?, over temperature range 200—260 K.

Resistance data are shown in the inset of Fig. 3 inR In

size reduction by the mechanical milling. The inset of Fig. 1versus (1T)*2 plot together with the fit. The least-squares fit

shows the magnetization of(F,0z)72A0zs as a function of = "y, experimental data over the shown temperature range

applied field from 0 to 5 T. It does not saturate until about 5(200—260 K results in aA=95 100 K. Since there are Fe
T. This will be discussed later in connection with the nega- S . ) : .
. : ; impurities in our samples, their presence should aid the vari-
tive magnetoresistance observed in the system.

. o able range hopping conduction i Fe,0s.
Figure 2 shows the resistivity off F&,03),AQ100-« - It )
was measured on a pressed pellet using the four point The magnetoresistance of{F€,05)xAduoo has been

- . o tudi t RT. Fok=70, magnetoresistance i itive. Thi
method. Forx=70, samples exhibit metallic conductivity. .SUd eda . ° 0, aghetoresistance 15 positive S

. : is the ordinary magnetoresistance commonly observed in
For x=72, samples are insulators. A metal-to-insulator tran-

o : nonmagnetic metals, which originates from the Lorentz force
sition is clearly seen at about=71. This corresponds to a 9 9

. S on the electrons in the silver metal. This positive magnetore-
volume concentration of 11.40%4g) for the percolation limit. . : . . .
. sistance increases slightly as the silver concentration ap-
The current—voltagél—V) curves of the samples with<70 T .
: . . T : proaches the percolation limiFig. 4). This increase may be
are straight lines. Their conductivity is determined by the :
e ; T related to the much reduced numbers of conduction path-
metallic silver. Below its percolation limit, silver no longer

ways connected by the silver atoms as the silver concentra-
forms connected network. Thie-V curves show curvature Y y

that is consistent with either electron tunneling through bar:[IOn decreases. The electrons are forced to take whatever the

. : o . routes defined by the geometry of the silver network, which
riers or hopping within the barrier. . . .
. ; . .. may not be necessarily a straight line between the probes.
Resistance as a function of temperature is shown in Fig. " i
3 for (y-F&,09) A It increases with decreasing tempera An abrupt change in the magnetoresistance has been ob-
Y- €U8)75025: g lempera- oo ed forx=72. Negative magnetoresistance is found for

ture initially, _then it starts to level off and become_s nea_rlyxZ?Z 75, 80, and 90. The resistance of the pyEe,Os is
temperature independent below about 100 K. This is indica- . . . 9
) ) ; very high and the rather large noise associated with it pre-
tive of the tunneling mechanism for the electron transport, . .
. vents accurate measurement of its magnetoresistance. The
The predominate electron transport at low temperatures igs. . . X
ighest magnetoresistance is observedrHe03) 75Ados.

most likely th_e dirlect tunneling between silver graing acros3g magnetoresistance was measured as a function of applied
7-F&0, barriers.” Between 160 K and RT the resistance field in both current parallel to fieldlH) and current per-

— 1/2 H :
thOHOV\iIrS] chsglje;%ﬁlgl t,h(:vmr((:ahseiucgegi?tz \géﬁgﬁbr?éfe pendicular to field(I.LH) configurations(Fig. 5. Negative
bpIng P P- magnetoresistance of abott2% is observed in both con-

figurations aroud 1 T atroom temperature. Figure 5, inset,

10 T is the high field magnetoresistance measured up to 5 T,
[ ]
T 10°F ee ° 1
? 102 g L4 k. 1.0 T T T T T T T
S 10 F 1
5 051 Fe,0
o1 ¢ ] R (Fe203),Ad100-x
x 10-1 (Fe203)xAg(100_x) 0.0 A T=294K
z 2| T=204K o5 H = 10 kOe
2 ] 1 ~
E 10‘3 L ] g -1.0 ./. g
8 1o A1.5) o ]
o 107} . 1 /
e -5 L4 2.0 ¢
107§ [ ] 1 &V 1
40 50 60 70 80 90 100 110 257 1
_30 I I 1 1 1 1 1
v -Feo03 concentration (X) 56 60 65 70 75 80 85 90 95

¥ -(Fe,03) concentration (X)
FIG. 2. Resistivity of fv-Fe,0:),Ali00-«. Which shows a metallic-to-
insulating transition at aboxt=71. FIG. 4. Magnetoresistance of{F&03),A0100x -
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0.5

ping rate from F&" and Fé" increases. Comparing the in-
sets of Figs. 1 and 5, there exists a clear correlation between
the magnetization and magnetoresistance.
In summary, we have studied magnetoresistance of
granular (-Fe03),Ad100-x- Negative magnetoresistance
. up to —2% has been observed at room temperature in an
applied field of 10 kOe when silver concentration is below
e® o its percolation threshold, which is 11.4 vol#g) (x=71) for
our samples. Tunneling through the insulatind-e,0; is the
. . . . . predominant mechanism of electron transport at low tem-
15 10 5 0 5 10 15 perature. At high temperature the conduction is mainly via
H (kOe) variable range hopping. The observed negative magnetore-
FIG. 5. Magnetoresistance as a function of applied field in bidth(open SIStance IS be"e?’,ed to arise from the f_leld-dependent electron
circles andILH (solid circleg configurations. Inset: high field magnetore- NOPPINg probability from F& to F€'" ions which depends
sistance measured up to 5 T. on the relative orientations of the magnetic moments of the
two ions. Different mechanisms for the observed magnetore-
which shows that the change of magnetoresistance starts sistance, however, cannot be ruled out. Future study may
slow down as the field reaches about 1 T. The magnetoresished more light on the issue.

t is—3.5% &5 T and t ture. In Fig. 4, th
ance 1S 0 and room temperature. in *ig. 4, the The authors would like to thank Fred Parker for the

magnitude of the negative magnetoresistancexfar2 de- Méssb dat d Ami Berkowitz f heloful di
creases withy-Fe,0O; concentration. The exact reason needs osshauer data and Ami Berkowilz for very neipiu’ discus-

to be further studied. This granular nanocomposite system;%'ons' Research was supported by NBNMR-9626297 and

also interesting for it allows the tuning of the resistance b ARPA (MDA972-97-1-0003

an order of magnitude, by changing theFe,O; concentra-

tion from x=72 to x=90, while maintaining the relative

magnetoresistance between 1% and 2%. 1J. S. Moodera, L. R. Kinder, T. M. Wong, and R. Meservey, Phys. Rev.
We now comment on the possible origin of the negative Lett. 74, 3273(1995.
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